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Description 

METHOD AND ARRANGEMENT FOR 
PROVING A GAS TURBINE, AND 
ENGINE-BRAKING THEREFORE 

Cross Reference to Related Applications 

[0001] This present application is a continuation patent applica- 
tion of International Application No. PCT/SE02/00666 
filed 4 April 2002 which was published in English pur- 
suant to Article 21(2) of the Patent Cooperation Treaty, 
and which claims priority to Swedish Application No. 
0101266-5 filed 6 April 2001. Both applications are ex- 
pressly incorporated herein by reference in their en- 
tireties. 
Background of Invention 

Field of the Invention 

[0002] The present invention relates to a gas turbine having a 
first compressor, a combustion chamber and a first tur- 
bine, The turbine is adapted to drive the compressor via a 


first shaft. The gas turbine is adapted for compression of 

the gas in the compressor, heating of the compressed gas 

in the combustion chamber and expansion of the heated 

gas in the turbine. The invention also relates to a method 

for engine-braking such a gas turbine. 
Background 

[0003] G as turbines are used as, for example, engines for vehi- 
cles and aircraft, and as power plants in vessels, and in 
power stations for electricity production. 

[0004] The gas turbine will be described below in a case in which 
it includes a free power turbine. This is a preferred, but in 
no way limiting application of the invention. The arrange- 
ment of the compressor, the turbine for driving the com- 
pressor via the first shaft, and the combustion chamber is 
usually referred to as a gas generator. The power turbine 
connected to a drive shaft is arranged downstream of the 
first turbine and is adapted to be driven by the gas from 
the first turbine. In other words, the gas generator and the 
power turbine are connected only by the expanded hot 
gases. 

[0005] The gas turbine is preferably of the recuperative or regen- 
erative type; that is to say, it includes a heat exchanger 
which is adapted to recover energy from the hot exhaust 


gases. 

[0006] with their great power in relation to their weight, gas tur- 
bines are very suitable for the propulsion of vehicles, and 
this applies in particular to gas turbines with two shafts, 
one of which connects the free power turbine, via a vehi- 
cle transmission, to a driving shaft of the vehicle. One 
problem in vehicle applications is bringing about an en- 
gine-braking function. This applies in particular in the 
case of heavy-duty vehicles such as trucks. The present 
invention will be described below in a setting and situa- 
tion in which it is applied in a vehicle for the propulsion 
thereof. This is a preferred, but in no way limiting appli- 
cation of the invention. 

[0007] | n g as turbines with a compressor driven by a turbine and 
a combustion chamber arranged therebetween, it is 
known to reduce, or shut off completely, the fuel supply 
to the combustion chamber for the purpose of reducing/ 
braking the speed of the engine. In one respect, this 
method for speed reduction/engine-braking is relatively 
slow due to the fact that internal friction in gas turbines is 
very low and in another respect because of the fact that a 
relatively large part of the work performed in compres- 
sion, in the compressor, is recovered when the subse- 


quent expansion in the turbine takes place. 
Summary of Invention 

[0008] a first object of the present invention is to provide an en- 
gine-braking system for a gas turbine engine that affords 
opportunities for rapidly reducing the speed of the en- 
gine, and which is fuel-efficient. In at least one regard, 
the object is achieved by virtue of the fact that the gas 
turbine comprises a bleed valve arranged upstream of the 
first turbine for conducting part of the gas compressed by 
the compressor past the turbine during engine braking. 
The arrangement of a bleed valve downstream of the 
compressor and upstream of the turbine makes it possible 
to regulate the gas flow through the turbine to a relatively 
low level thereby affecting engine-braking. This in turn 
results in the driving power for the first compressor being 
considerably reduced and the gas turbine is braked. 

[0009] According to a preferred embodiment of the invention, the 
bleed valve is adapted in such a way that its opening area 
for regulating the quantity of gas which is intended to be 
conducted past the first turbine is controlled depending 
on the pressure in the gas from the compressor. This 
construction affords opportunities for engine-braking in a 
simple manner in terms of construction and/or control. By 


virtue of automatic control of the bleed valve, no external 
regulation of the bleed valve, for example, is required. 
[0010] According to another preferred embodiment of the inven- 
tion, the bleed valve comprises (includes, but is not lim- 
ited to) a spring-loaded opening means for regulating the 
opening area. This is a simple solution in terms of con- 
struction. It is moreover possible, by selecting a suitable 
spring force for the spring, to determine the opening 
characteristic. 

[001 1] According to another preferred embodiment of the inven- 
tion, the bleed valve is arranged upstream of the combus- 
tion chamber. This affords opportunities for controlling 
the gas supply and fuel supply to the combustion cham- 
ber in an optimum manner during engine-braking. Prefer- 
ably, the fuel flow to the combustion chamber is reduced 
and only a sufficiently large part of the gas compressed by 
the compressor is conducted to the combustion chamber 
in order to maintain such a flame in the combustion 
chamber that the temperature of the parts which are hot 
during operation of the gas turbine is kept above a prede- 
termined temperature. In this way, cooling of the com- 
bustion chamber is reduced and an opportunity is af- 
forded for maintaining a desired idling temperature of the 


turbine. 

[0012] According to a development of the preceding embodi- 
ment, the gas turbine comprises a heat exchanger ar- 
ranged between the compressor and the combustion 
chamber. The conducting-off described above of the gas 
past the combustion chamber is especially advantageous 
in this case as otherwise a great air flow would cool the 
heat exchanger which leads to the lifetime of the heat ex- 
changer being shortened owing to thermal fatigue and 
also to increased fuel consumption because the heat ex- 
changer has to be heated up again when the engine speed 
is increased again. By virtue of this arrangement, cooling 
of the heat exchanger is therefore reduced. This also re- 
sults in the lifetime of the heat exchanger being length- 
ened as it is subjected to less thermal fatigue, and also 
the overall efficiency of the gas turbine increasing as great 
temperature variations of the heat exchanger can be 
avoided/reduced. 

[0013] According to another preferred embodiment of the inven- 
tion, the gas turbine comprises a power turbine adapted 
to drive a second shaft, which power turbine is arranged 
downstream of the first turbine and is adapted to be 
driven by the gas from it. By expanding the gas in two 


stages, first in the turbine and then in the power turbine, 
the pressure drop across each turbine is reduced. Fur- 
thermore, an opportunity is afforded for optimizing the 
power turbine with regard to a desired torque characteris- 
tic; for example, in the case of propulsion of vehicles. 

[0014] The gas turbine preferably also comprises a transmission 
for selectively coupling together the second shaft and the 
first shaft, and/or means for variable regulation of the 
flow to the power turbine. In this way, the engine-braking 
operation can be controlled and varied to a greater extent. 
By virtue of, by means of the bleed valve, diverting part of 
the gas flow which has been compressed in the compres- 
sor past the turbine and power turbine, these contribute 
neither to driving the compressor nor to propulsion of the 
vehicle. When engine-braking takes place, the driving of 
the compressor is effected by virtue of the motive energy 
of the vehicle being converted and transmitted via the 
transmission to the shaft for driving the compressor. 

[0015] According to another preferred embodiment of the inven- 
tion, the gas turbine comprises a second compressor ar- 
ranged in series with and downstream of said first com- 
pressor, and the bleed valve is arranged upstream of the 
second compressor. In this way, all or part of the gas flow 


from the first compressor can be conducted past the sec- 
ond compressor in connection with engine-braking. This 
in turn leads to the work performed in pressure build-up 
in the first compressor resulting in braking of the gas tur- 
bine. 

[0016] a second object of the invention is to provide a method 
for engine-braking a gas turbine that affords opportuni- 
ties for rapidly reducing the speed of the engine. The in- 
vention also aims to provide a method which results in a 
gas turbine which is efficient with regard to fuel con- 
sumption. 

[0017] This object is achieved by a method for engine-braking a 
gas turbine comprising a first compressor, a combustion 
chamber and a first turbine. The turbine is adapted to 
drive the compressor, via a first shaft, and part of the gas 
compressed by the compressor is conducted past the first 
turbine during engine-braking. The heat losses which 
arise as a result of cooling of the hot parts of the engine 
can thus be reduced. By virtue of the fact that part of the 
air compressed by the compressor is conducted past the 
turbine at the same time as the fuel supply to the com- 
bustion chamber is reduced to a flow which is smaller 
than the normal idling flow, what is known as the pilot 


flow, cooling of the hot parts of the engine can be re- 
duced further. 

[0018] other advantageous embodiments and advantages of the 

invention emerge from the detailed description below. 
Brief Description of Drawings 

[0019] The invention will be described below with reference to 
preferred embodiments and the accompanying drawings, 
in which: 

[0020] Figure 1 is a diagrammatic view showing a gas turbine 
configured according to the teachings of a first embodi- 
ment of the present invention; 

[0021] Figure 2 is a diagrammatic view showing a gas turbine 

configured according to a second embodiment of the in- 
vention; 

[0022] Figure 3 is a side view, taken in cross section, of a bleed 
valve for a gas turbine; and 

[0023] Figure 4 is a diagrammatic view showing a gas turbine 

configured according to a third embodiment of the inven- 
tion. 

Detailed Description 

[0024] Figure 1 shows diagrammatically a twin-shaft gas turbine 
1 configured according to a first embodiment of the 


presently disclosed invention. The gas turbine 1 com- 
prises a first compressor 2 with a compressor inlet 3 and 
a compressor outlet 4, and a second compressor 5 with a 
second compressor inlet 6 and a second compressor out- 
let 7. The compressor inlet 3 is open to the atmosphere 
via an air filter (not shown). Arranged between the com- 
pressor outlet 4 of the first compressor 2 and the com- 
pressor inlet 6 of the second compressor 5 is an inter- 
cooler 9, the function of which is to cool the air com- 
pressed by the first compressor 2 before a further pres- 
sure increase takes place in the second compressor 5. The 
intercooler 9 is coupled to a separate cooling system (not 
shown). 

[0025] Each compressor 2, 5 also comprises an impeller con- 
nected in a rotationally fixed manner to one another, via a 
shaft 10a, 10b, and to a turbine wheel arranged in a tur- 
bine 11. 

[0026] Arranged downstream of the compressor outlet 7 of the 
second compressor 5 is a bleed valve 12 adapted so as, 
depending on operating conditions, to guide the com- 
pressed air to an exhaust-gas outlet 13 in connection 
with engine-braking or to a heat exchanger 14 for recov- 
ery of exhaust-gas heat in connection with operation. The 


arrangement of the bleed valve 12 downstream of the 
second compressor outlet 7 and upstream of the turbine 
inlet 15 of the turbine 11 makes it possible to regulate the 
gas flow through the turbine 11 to a desired relatively low 
level in connection with engine-braking. This in turn re- 
sults in the driving power for the compressors 2, 5 from 
the turbine 11 being considerably reduced, the gas tur- 
bine 1 thus being braked. 
[0027] The compressed air is then conducted to a combustion 
chamber 16, via the gas inlet 17 thereof, fuel 18 being 
supplied to the chamber by means of a fuel system (not 
shown) and being combusted therein with the aid of the 
hot compressed air. The hot combustion gases are con- 
ducted, via the gas outlet 19 of the combustion chamber 
16, to the turbine 11, where a first, limited expansion of 
the combustion gases takes place for driving the com- 
pressors 2, 5. The final expansion, down to close to at- 
mospheric pressure, takes place in a power turbine 20 ar- 
ranged downstream of said turbine 11. By virtue of finally 
conducting the combustion gases from the power turbine 
20 through the heat exchanger 14, energy can be recov- 
ered, before the gases are conducted to the exhaust-gas 
outlet 13, which contributes to increased overall efficiency 


of the gas turbine 1. 
[0028] The gas conducted off via the bleed valve 12 is therefore 
not conducted to the power turbine 20, but directly to the 
atmosphere; or alternatively, via a heat exchanger to the 
atmosphere. 

[0029] | n this connection, an output shaft 21 from the power tur- 
bine 20 is, via a transmission 22, connected to a driving 
shaft 23 of the vehicle the the gas turbine 1 is to propel. 
The driving shaft 23 is in turn coupled to a differential 24 
which distributes the driving torque to the driving wheels 
25, 26 of the vehicle. 

[0030] By virtue of the fact that a transmission 27 is arranged 

between the driving shaft 23 of the vehicle, via the output 
shaft 21 of the power turbine, and said shaft 10a, 10b, 
the motive energy of the vehicle can, in connection with 
engine-braking, be used for driving the compressors 2, 5, 
which provides effective braking of both the gas turbine 1 
and the vehicle. The transmission 27 comprises a first 
gearwheel 28 arranged in a rotationally fixed manner on 
the output shaft 21 of the power turbine and in engage- 
ment with a second gearwheel 29 arranged in a rotation- 
ally fixed manner on a first intermediate shaft 30. The 
first intermediate shaft 30 can, by means of a controllable 


clutch 31, preferably a friction clutch, be selectively cou- 
pled together with a second intermediate shaft 32, on 
which a third gearwheel 33 is arranged, which is in en- 
gagement with a fourth gearwheel 34 arranged in a rota- 
tionally fixed manner on the shaft 10b. 
[0031] Owing to the bleed valve 12, it is possible during engine- 
braking to guide a smaller part of the compressed air 
through the gas duct and the combustion chamber 16 and 
to combust a small quantity of fuel in the combustion 
chamber in order to prevent extinction of the combustion 
chamber and to keep the temperature of the gas duct suf- 
ficiently high to minimize thermal stresses. It is also de- 
sirable to maintain such a flame in the combustion cham- 
ber that great cooling of hot parts of the gas turbine is 
counteracted. In other words, the temperature of these 
hot parts is kept above a predetermined value. In this 
context, the terminology of "hot parts" should be under- 
stood to mean, among other things, the combustion 
chamber, the heat exchanger and the gas duct. It is thus 
sought to counteract great cooling of the hot parts of the 
gas turbine. In this connection, the majority of the gas is 
conducted past the combustion chamber. The quantity of 
fuel introduced is such as will keep the turbine inlet tern- 


perature essentially constant above a specific value. 
[0032] with reference to Figure 2, a second embodiment of a gas 
turbine 1 is described, in which the bleed valve 12, in 
contrast to the description above, is arranged downstream 
of the compressor outlet 4 of the first compressor 2 and 
upstream of the compressor inlet 6 of the second com- 
pressor 5. In this way, all or part of the gas flow from the 
first compressor 2 can be conducted past the second 
compressor 5 in connection with engine-braking. This in 
turn leads to the work performed in pressure build-up in 
the first compressor 2 resulting in braking of the gas tur- 
bine 1. 

[0033] Figure 3 shows a side view, in cross section, of a bleed 

valve 12 intended to be used in an engine-braking system 
for a gas turbine 1. The bleed valve 12 comprises a valve 
inlet 35, intended to be connected to a compressor outlet 
4, 7, a first valve outlet 36 intended to be connected to 
the exhaust-gas outlet 13, and a second valve outlet 37 
intended to be connected to the heat exchanger 14 or, 
depending on the embodiment, to the compressor inlet 6 
of the second compressor 5. The bleed valve 12 also 
comprises an opening means in the form of a disk valve 
38, the reciprocating movement of which is controlled by 


a pneumatic pressure cell 39. The pressure cell 39 com- 
prises a piston 40, sealed by a diaphragm 41, which, to- 
gether with a pressure cover 42, forms a closed space 43, 
to which a pressure line 44 is coupled. The pressure line 
44 is in turn, via a solenoid valve (not shown), connected 
to the compressor outlet 7. By virtue of the fact that the 
piston 40 is adapted so as to move counter to the action 
of a helical spring 45, it is possible, by spring characteris- 
tic selection, for the desired working pressure to be main- 
tained in the line to the components downstream of the 
bleed valve, that is to say the valve outlet 37. The quantity 
of gas which is conducted past the combustion chamber 
is controlled depending on the pressure in the gas from 
the compressor, that is to say automatic regulation takes 
place. The gas compressed by the compressor which is 
conducted past the combustion chamber is in this case 
conducted directly into the atmosphere. 
[0034] Figure 4 diagrammatically illustrates a fourth preferred 
embodiment of the invention. This differs from the first 
embodiment in a few respects. The gas turbine 1 com- 
prises means 45 for variable regulation of the flow to the 
compressor 2 for regulation of the braking effect. Here, 
this means 45 consists of variable inlet guide vanes. The 


guide vanes are arranged in order to alter the angle of the 
flow in order to alter the pressure build-up in the com- 
pressor. 

[0035] t wo driving turbines 20, 20" are also arranged on the 

driving shaft 23. Each of these is equipped with means 40, 
40" for variable regulation of the flow to the power tur- 
bine 20, 20". These means consist of a variable stator, or 
guide vanes. The guide vanes are adapted so as to regu- 
late the gas quantity to the power turbine and in this way 
control the turbine inlet temperature. 

[0036] a silencer 46 is also arranged after the bleed valve on the 
line which leads to the atmosphere. 

[0037] a preferred example of a method for engine-braking the 
gas turbine illustrated in Figure 4 is hereinafter described. 
In normal operation, that is to say when the gas turbine 
drives the vehicle, each of the rotatable stators 40, 40" of 
the driving turbines 20, 20" is arranged in a driving posi- 
tion, the bleed valve 12 is closed, the clutch 31 between 
the gas generator and the driving turbine is disengaged 
and the inlet guide vanes 45 of the compressor 2 are in an 
open position, that is to say close to 0 degrees. In other 
words, the compressor is not throttled, but is delivering 
maximum mass flow for the speed concerned. The gas 


generator rotates at a speed between idling and maximum 
power, and the speed of the driving turbine is determined 
by the speed of the driving wheels and the gear con- 
cerned. 

[0038] when the opening of the throttle is reduced, the following 
happens: the fuel flow to the combustion chamber 16 de- 
creases. The speed of the gas generator drops, the power 
decreases, the vehicle slows down, but the power still 
goes from the engine to the driving wheels 25, 26. The 
angle of the guide vanes 45 of the compressor 2 is ad- 
justed to a more closed position, which means that the 
mass flow decreases. Alternatively or supplementarily, an 
operating parameter other than the opening of the throt- 
tle can be detected for initiating engine-braking. In this 
case, the opening of the throttle is controlled by a throttle 
control, such as a throttle pedal, which in turn controls 
the speed of the gas generator and thus the quantity of 
air supplied to the engine. 

[0039] when the opening of the throttle is reduced further to the 
idling state, the following happens: the fuel flow de- 
creases to idling flow, which means fuel is supplied only 
to the pilot nozzle of the combustion chamber 16. The 
guide vanes 40, 40" of the driving turbine 20, 20" are an- 


gled to braking position, and the driving turbine is 
braked. Power then goes from the driving wheels 25, 26 
to the engine (engine brake). 

[0040] "Active" engine-braking is initiated by actuating a brake 
control, in the form of a brake pedal or another type of 
brake control, such as a hand control. The stator 40 of the 
driving turbine 20 is arranged in a braking position, and 
the driving turbine 20 is then coupled to the gas genera- 
tor by virtue of the disk clutch 31 being activated. Prefer- 
ably, the clutch is slipped in briefly in order to synchro- 
nize the speed of the shafts 10b, 23 and is subsequently 
locked with full pressure. The bleed valve 12 is then 
opened. The fuel flow to the combustion chamber is ad- 
justed to the small air quantity which passes through the 
combustion chamber and the gas duct so that a suitable 
temperature is maintained and so that great cooling of the 
hot parts is avoided. The guide vanes 45 of the compres- 
sor 2 are in a closed position, that is to say the mass flow 
of the compressor is the smallest possible at the speed 
concerned, which provides the smallest braking effect in 
engine-braking with compressor bleeding. 

[0041] Maximum engine braking is then achieved by the guide 
vanes 45 of the compressor 2 being opened to the fully 


open position. 

[0042] The engine-braking effect can of course be varied by 

varying the positions of driving turbine guide vanes and 
compressor guide vanes. 

[0043] The invention is not to be regarded as being limited to the 
embodiments described above, but a number of modifica- 
tions thereof are possible without for this reason leaving 
the scope of the patent protection. For example, the num- 
ber of both compressor stages and turbine stages can be 
varied both upwardly and downwardly. Furthermore, an 
electrically or hydraulically controlled bleed valve can be 
used instead of the pneumatically controlled bleed valve 
described above. 

[0044] According to an alternative to the embodiments described 
above, a number of bleed valves can be used. In a case 
where there are two compressors, a first bleed valve can 
be arranged after the compressors according to the first 
embodiment above, and a second bleed valve can be ar- 
ranged between the compressors according to the second 
embodiment above. The second bleed valve can be used 
to control the braking effect alternatively or supplemen- 
tally to said guide vanes. 

[0045] Furthermore, for example, only one of the driving tur- 


bines, suitably the first, in the driving turbine part, can 
have a variable stator. This reduces the complexity and is 
cost-effective. 

[0046] it is also within the scope of the patent protection, for ex- 
ample, for the gas turbine to be of the single-shaft type, 
that is to say the turbine connected to the compressor is 
adapted so as also to constitute a driving turbine for 
propulsion of a vehicle. 


